MULTI-STAGE VACUUM DISTILLING, COOLING AND FREEZING 
PROCESSES AND APPARATUSES FOR SOLUTION SEPARATION AND 

SEAWATER DESALINATION 

5 FIELD OF THE INVENTION 

The present invention relates to multi-stage vacuum 
distilling, cooling, and freezing processes for 
solution separation and seawater desalination , andmore 

10 particularly to multi-stage vacuum distilling, cooling, 
and freezing processes for solution separation and 
seawater desalination in which a vacuum environment 
is provided in a vacuumized vessel obtained through 
a drain-to-vacuum process and a degassed solution is 

15 caused to flow through a liquid-gas interface or a 
liquid-solid interface to evaporate, cool, and freeze 
the degassed solution . The present invention also 
relates to apparatuses for implementing the aforesaid 
processes . 

20 

BACKGROUND OF THE INVENTION 

Solution separating techniques have been widely 
employed in many fields , including general distillation , 
25 concentration of medical liquid, and desalination of 
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seawater . 



When a large quantity of solution is separated through 
heating, a considerably high amount of energy would 
5 be uneconomically consumed. For example, in the 
desalination of seawater, the solution, that is, the 
seawater, is directly heated to evaporate water 
contained in the seawater. Vapors of water are then 
drawn with a vacuum pump. To do so, a large amount of 

10 energy is consumed. Moreover, the salt content of 
seawater continuously increases in the course of 
separating water from the seawater. Thus, it is 
necessary and highly uneconomically to consume more 
energy to complete the separation of water from the 

15 seawater. 

Further, various types of salt crystalline are produced 
in the process of heating seawater at high temperature 
to result in the problem of scaling , which in turn results 
20 in a condenser with largely reduced efficiency to 
produce only limited amount of water from separation 
of seawater and failure in fulfilling the high demand 
for water . 

25 It is therefore tried by the inventor to develop 
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processes and apparatuses for solution separation and 
seawater desalination through multi-stage vacuum 
distilling, vacuum cooling and vacuum freezing to 
eliminate the drawbacks existed in the conventional 
method for separating water from seawater . 



SUMMARY OF THE INVENTION 



A first object of the present invention is to achieve 
a desired solute concentration . To achieve this object 
without consuming too much energy and within a lower 
temperature range, a multi-stage vacuum distilling 
system is employed . In the system , the drain- to- vacuum 
process implemented using a degassed liquid to produce 
vacuums in evaporating vessels (because air pressure 
in the evaporating vessels is negligible) . Since 
expanded ranges of temperature and pressure can be used 
in vacuum distillation, more stages of vacuum 
distillation are allowable . In the present invention , 
constant temperature distilling process, solution 
transfer, and recycling of hot circulating solution 
are performed to separate a solution to be separated 
and recover most part of heat energy for repeated use. 
Temperatures for vacuum distillation at multiple stages 
are set depending on a temperature gradient of the hot 



circulating solution, so that separation of a degassed 
solution is achieved in the form of multi-stage vacuum 
distillation. In this way, more solution can be 
separated with one unit of energy, and the 
low- temperature concentrated solution discharged in 
the solution separation can be subjected to vacuum 
freezing and drying for further solute concentration. 

Another object of the present invention is to reduce 
costs for seawater desalination. Since the 

temperature and pressure ranges used in the present 
invention are expanded to facilitate increase of stages 
of vacuum distillation, the yield of pure water is 
increased. Meanwhile, since the evaporation heat for 
water is about seven times as high as the condensation 
heat for water , the employment of freezing would consume 
less energy than heating to produce the same amount 
of pure water. The present invention employs 

multi-stage vacuum freezing to produce low- tempera ture 
concentrated seawater and molten ice crystals to 
effectively reduce the temperature of hot circulating 
solution discharged at the last or lowest stage of 
multi-stage vacuum distillation . This in turn enables 
increased stages of vacuum distillation and yield of 
pure water. Finally, the low- temper a ture hot 



circulating solution recovers evaporation heat from 
the stages of vacuum distillation from bottom to top, 
so that most part of heat energy can be repeatedly 
utilized. The low- temperature solution, that is, the 
seawater, required in the multi-stage vacuum freezing 
is supplied from the last or the lowest stage of a 
multi-stage vacuum cooling proces s , and the ice crystals 
produced in the multi-stage vacuum freezing is molten 
with vapors produced in the multi-stage distilling and 
cooling processes. That is, the present invention 
combines multi-stage vacuum distilling, multi-stage 
vacuum cooling, and multi-stage vacuum freezing 
processes to effectively reduce costs for seawater 
desalination . 

A further object of the present invention is to reduce 
the land cost for constructing a seawater desalination 
plant . In the multi-stage vacuum distilling , cooling , 
and freezing processes according to the present 
invention, the drain- to- vacuum proces s is implemented 
to produce vacuums in conduits, evaporating vessels, 
condensers, and freezing vessels included in the 
apparatuses and having a degassed solution, vapors, 
or condensate flown therethrough . The drain-to-vacuum 
process is based on the Torricellian vacuum principle 



that the pressure of atmosphere supports the column 
of liquid in the tube . In the apparatuses of the present 
invention, the first, second, third, and all subsequent 
stages of evaporating vessels or freezing vessels are 
stacked over one another from top to bottom like a tower 
to increase a height difference between these vessels 
and their common lower vessel and parts thereof. This 
stacked tower-like structure enables reduction of land 
area required to construct a seawater separation plant, 
also reduces energy required to produce vacuums . The 
tower-like multi-stage vacuum distilling , cooling, and 
f reez ing apparatuses enable the hot circulating 
solution, the solution to be separated (i.e. the 
seawater), and the condensate to continuously flow, 
which in turn minimizes the use of pumps and the 
occurrence of scales and corrosion in the apparatuses . 

To achieve the above and other objects , the multi-stage 
vacuum distilling , cooling, and freezing processes for 
solution separation and seawater desalination 
according to the present invention are implemented with 
a multi-stage vacuum distilling system, a multi-stage 
vacuum cooling system , and a multi-stage vacuum freezing 
system. After the multi-stage vacuum distilling 
system is set to an initial state thereof, constant 
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temperature distilling process , solution transfer, and 
recycling of hot circulating solution are performed 
to separate a specific solution. Temperatures for 
vacuum distillation at multiple stages are set according 
5 to a temperature gradient of the hot circulating 
solution , so that separation of a degassed solution 
is achieved in the form of multi-stage vacuum 
dis ti llation . When the hot circulating solution is 
discharged from the last or the lowest stage, its 

10 temperature must be reduced. The hot circulating 
solution then flows from bottom to top to pass through 
condensers included in different stages one by one and 
recovers evaporation heat. Therefore, the hot 
circulating solution is gradually heated when it flows 

15 upward, and most part of heat energy is recovered for 
using repeatedly. To increase the number of stages of 
multi-stage vacuum distillation, and to increase the 
amount of solution separable with one unit of energy, 
the range of usable temperature of the hot circulating 

20 solution is expanded. In other words, the lower the 
temperature of the hot circulating solution discharged 
from the last stage of vacuum distillation is , the more 
stages can be included in the multi-stage vacuum 
distillation. For a multi-stage vacuum distilling 

2 5 system having more stages of distillation , the solution 

7 



to be separated must have further lowered temperature 
to reduce the temperature of the hot circulating 
solution discharged from the last stage and thereby 
maintains a balanced thermal cycling between 
5 evaporation and condensation. For this purpose, 
multi-stage vacuum cooling and multi-stage vacuum 
freezing may be utilized to assist in the multi-stage 
vacuum distillation. To do this, the multi-stage 
vacuum cooling and freezing systems are set to their 

10 initial state, and constant temperature distilling 
process, solution transfer, and a drain- to- vacuum and 
freezing process are implemented to achieve solution 
separation through freezing. In the multi-stage 
vacuum cooling process, a vacuum evaporation cooling 

15 effect is utilized to reduce the temperature of solution 
being separated, so that the latter could be used as 
the low- temperature solution in the multi-stage vacuum 
freezing process to save the cost of pre-cooling. In 
the multi-stage vacuum freezing process, condensation 

20 heat required to melt ice crystals comes from the vapors 
produced in multi-stage vacuum distilling and cooling 
processes . The low- temperature concentrated solution 
and molten ice crystals produced in the multi-stage 
vacuum freezing process may be used to lower the 

25 temperature of the hot circulating solution discharged 



at the last stage of multi-stage vacuum distillation. 
Therefore, the present invention combines the 
multi-stage vacuum distilling, cooling and freezing 
processes to achieve solution separation, seawater 
desalination, and solute concentration. 

In implementing the drain-to-vacuum process to produce 
vacuums in conduits, evaporating vessels, freezing 
vessels, and condensers included in the apparatuses 
of the present invention and having the degassed 
solution, the vapors or the condensate flown 
therethrough, the air pressure in these areas is 
negligible. In the constant temperature distilling 
process that employs the principle that boiling point 
of liquid increases with increased pressure, it is 
possible to use the temperature gradient of the hot 
circulating solution in different stages, so that the 
constant temperature distilling process is achieved 
in the form of multi-stage vacuum distillation having 
distillation temperature and saturated vapor pressure 
that decrease from upper to lower stages , and increased 
heat transfer area andmore condensate . In the constant 
temperature distilling process, the hot circulating 
solution having a set temperature flows from upper to 
lower stages to continuously and sequentially pass 



through liquid-gas interfaces in the evaporating 
vessels at different stages one by one and thereby 
provides evaporation heat to evaporate the degassed 
solution. When the hot circulating solution is 
5 discharged at the last or the lowest stage, its 
temperature must be reduced. The hot circulating 
solution then flows from bottom to top to continuously 
pass through condensers included in different stages 
one by one and recovers evaporation heat for vapors 

10 to condense to liquid. This causes the temperature of 
the hot circulating solution to gradually increase when 
the hot circulating solution flows upward to the higher 
stages, and most part of heat energy may be used 
repeatedly. The hot circulating solution finally 

15 flows back to a hot circulating solution heater and 
is heated to a set temperature to complete one cycle 
of the multi-stage vacuum distillation. Due to a 
saturated vapor pressure difference caused by a 
temperature difference between the evaporating vessel 

20 and the condenser at each stage, vapors produced by 
the evaporating vessel keep flowing toward the condenser . 
So long as the condenser has a temperature lower than 
that of the evaporating vessel, the condenser would 
continuously condense the vapors to liquid. The 

25 condensate and vapors together flow into the condenser 



at the next lower stage, which has lower temperature 
and saturated vapor pressure, for further reduction 
of temperature and condensation. The condensate is 
finally collected in a vacuum vessel that is always 
5 kept in a predetermined low temperature. In this way, 
the balanced thermal cycling between evaporation and 
condensation can be maintained. The degassed solution 
flows from top to bottom to continuously pass through 
the evaporating vessels at different stages one by one, 
10 and a concentrated solution discharged at the last or 
the lowest stage can be subjected to vacuum freezing 
and drying for further solute concentration. 



The multi-stage vacuum cooling process employs the 
15 principle of vacuum evaporation cooling to reduce the 
temperature of solution, so that the produced cooled 
solution may be used as a low- temperature solution in 
the multi-stage freezing process . By implementing the 
constant temperature distilling process , the degassed 
20 solution of room temperature flows from top to bottom 
to continuously pass through the evaporating vessels 
at all stages one by one, and therefore gradually cools 
when it flows downward through the multiple stages . 
As a result, vapors produced in the multi-stage vacuum 
2 5 cooling process may be used to melt ice crystals produced 
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in the multi-stage vacuum freezing process. 

The low- temperature solution required in the 
multi-stage vacuum freezing comes from the multi-stage 
5 vacuum cooling process . The implementation of 
solution transfer and drain-to-vacuum and freezing 
process and the release of heat from the condensers 
cause production of ice crystals in the freezing vessels . 
The low- temperature concentrated solution and molten 

10 ice crystals discharged in the multi-stage vacuum 
freezing process may be used to lower the temperature 
of the hot circulating solution discharged at the last 
or the lowest stage of vacuum distillation, and to 
stabilize the temperature of the vacuum vessel for 

15 recovering the condensate , so that the balanced thermal 
cycling between the evaporation and the condensation 
can be maintained. Meanwhile, vapors produced in the 
multi-stage vacuum distilling and cooling systems may 
be guided into the freezing vessels in the multi-stage 

20 vacuum freezing system to melt the ice crystals. The 
produced low- temperature concentrated solution and 
molten ice crystals are then collected with vacuum 
vessels . 

25 The following are advantages of using the multi-stage 
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vacuum freezing, distilling, and cooling processes 
together to upgrade the thermal efficiency and increase 
the yield of condensate: 



5 1 . The low- temperature concentrated solution and 
molten ice crystals produced in the multi-stage 
vacuum freezing system may be used to reduce the 
temperature of the hot circulating solution 
discharged at the last stage of the multi-stage vacuum 

10 distilling system, and to maintain the temperature 

of the vacuum vessels for collecting the condensate; 
and the range of usable temperature for the hot 
circulating solution is expanded to enable increased 
stages for the multi-stage vacuum distillation and 

15 increased yield of condensate. 



2 . The low- temperature degassed solution required in 
the multi-stage vacuum freezing system comes from 
the solution discharged at the last stage of the 
20 multi-stage vacuum cooling system to enable 

minimized cost for pre-cooling. 



3. The condensation heat required in the multi-stage 
vacuum freezing system to melt the ice crystals comes 
2 5 from the vapors produced in the multi-stage vacuum 
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distilling and cooling system. 



4. With the combined multi-stage vacuum distilling, 
cooling, and freezing processes and systems, it is 
5 possible to use a common lower vessel and parts 

thereof for producing vacuums. 

Therefore, in the present invention , multi-stage vacuum 
distilling, cooling, and freezing processes are used 
10 together to achieve the solution separation, seawater 
desalination, and solute concentration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 The structure and the technical means adopted by the 
present invention to achieve the above and other objects 
can be best understood by referring to the following 
detailed description of the preferred embodiments and 
the accompanying drawings, wherein 

20 

Fig. 1 is a schematic view of a constant temperature 
distillation unit for vacuum distillation for 
implementing a constant temperature distilling process 
according to the present invention; 

25 
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Fig. 2 is a schematic view of a multi-stage vacuum 
distilling system for implementing a multi-stage vacuum 
distilling process according to the present invention; 
and 

5 

Fig . 3 is a schematic view of a multi-stage vacuum cooling 
system and a multi-stage vacuum freezing system for 
implementing multi-stage vacuum cooling and freezing 
processes according to the present invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Please refer to Fig. 1 that is a schematic view of a 
constant temperature distillation unit for vacuum 

15 distillation 2 for implementing a constant temperature 
distilling process according to the present invention . 
The constant temperature distilling process is 
developed based on the principles that the boiling point 
of a liquid increases with the increased pressure, and 

2 0 that the temperature difference between two vacuum 
environments results in the difference in saturated 
vapor pressure therebetween. In this process, the 
constant temperature distillation unit for vacuum 
distillation 2 is used to cause a degassed solution 

25 in a vacuumized evaporating vessel to constantly boil 



and evaporate at a set temperature without changing 
a saturated vapor pressure of the evaporating vessel, 
so that a balanced thermal cycling between evaporation 
and condensation can be maintained. 

5 

As shown in Fig. 1, the constant temperature 
distillation unit for vacuum distillation 2 mainly 
includes an evaporating vessel 21, a flow regulating 
valve 22, a condenser 4, a liquid-gas interface 211, 
10 a condensing tube a, a plurality of conduits b, c, e, 
f, g, h, i, j, k, and 1, and a plurality of control 
valves 23, 24, 25, 26, 27, 28, 29, and 30. 

The evaporating vessel 21 is connected to the condenser 
15 4 via the condensing tube a, so that vapors produced 
in the evaporating vessel 21 are guided into the 
condenser 4 . 

The flow regulating valve 22 is located at a 
2 0 predetermined point on the condensing tube a. When the 
evaporating vessel 21 is under the saturated vapor 
pressure at the set temperature for vacuum distillation , 
the flow regulating valve 22 is adapted to control the 
vapors produced by the evaporating vessel 21 for them 
25 to enter the condenser 4 via the condensing tube a, 
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so as to maintain the saturated vapor pressure of the 
evaporating vessel 21. 

Hot circulating solution, which recovers evaporation 
5 heat, is caused to flow into and out of the condenser 
4 via conduits g and h , respectively, at a predetermined 
flow rate to absorb the evaporation heat of vapors 
produced by the evaporating vessel 21 and therefore 
be heated. The vapors entered into the condenser 4 are 
10 therefore condensed to produce condensate that is 
finally discharged to a vacuum vessel 8 andbe collected . 

Meanwhile, degassed solution having a set temperature 
is caused to flow into the evaporating vessel 21 via 
15 conduits i and j, respectively, and control valves 23, 
24 thereof at a predetermined flow rate. 

The liquid-gas interface 211 is located in the 
evaporating vessel 21. Hot circulating solution, 

20 which provides evaporation heat, is caused to flow into 
and out of the liquid-gas interface 211 via conduits 
b and c, respectively, at a predetermined flow rate. 
The liquid-gas interface 211 provides heat transfer 
to evaporate the degassed solution inside the 

25 evaporating vessel 21. Since the 



17 



evaporation-heat-providing hot circulating solution 
has a temperature higher than that of the 
evaporation -heat- recovering hot circulating solution, 
the evaporating vessel 21 has a working temperature 
5 higher than that of the condenser 4 . The temperature 
difference between the evaporating vessel 21 and the 
condenser 4 results in a difference in the saturated 
vapor pressurebetween them, driving the vapors produced 
by the evaporating vessel 21 to flow toward the condenser 
10 4 and thereby maintain a balanced thermal circulation 
between evaporation and condensing. 

The conduit i and the control valve 23 thereof are 
connected to another constant temperature distillation 

15 unit for vacuum distillation located at an upper stage, 
or to a heater for heating the degassed solution. The 
conduit j and the control valve 24 thereof are connected 
to another constant temperature distillation unit for 
vacuum distillation located at a lower stage, or to 

20 a vacuum vessel 9. The conduit j and the control valve 
24 thereof have the same functions as that of the conduit 
i and the control valve 23 thereof but to guide the 
degassed solution into the constant temperature 
distillation unit for vacuum distillation located at 

25 the lower stage. 
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The conduit e and the control valve 25 thereof are 
connected to a constant temperature distillation unit 
for vacuum distillation located at an upper stage. In 
5 the event there is not a constant temperature 
distillation unit for vacuum distillation located at 
an upper stage, the conduit e and the control valve 
25 thereof are used to discharge gas in implementing 
the drain-to-vacuum process. 

10 

The conduit f and the control valve 2 6 thereof are 
connected to a constant temperature distillation unit 
for vacuum distillation located at a lower stage or 
to the vacuum vessel 8. The conduit f and the control 
15 valve 26 thereof have the same functions as that of 
the conduit e and the control valve 25 thereof but to 
guide the vapors and condensate into the constant 
temperature distillation unit for vacuum distillation 
located at the lower stage. 

20 

The conduits b and h are connected to a constant 
temperature distillation unit for vacuum distillation 
at an upper stage or to a heater for heating the hot 
circulating solution. The conduits c and g are 
25 connected to a constant temperature distillation unit 
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for vacuum distillation at a lower stage or to a heat 
exchanger . 

The control valves 27 and 30 are provided to prevent 
5 the degassed solution from flowing back into the 
evaporating vessel 21 and the condenser 4 when a vacuum 
is produced in a constant temperature distillation unit 
for vacuum distillation located at an adjacent higher 
or lower stage. Therefore, the control valves 27 and 
10 30 are closed to seal the evaporating vessel 21 after 
the evaporating vessel 21 is vacuumized through the 
drain-to-vacuum process . 

As shown in Fig. 1, the constant temperature 
15 distillation unit for vacuum distillation is set to 
an initial state thereof by implementing the 
drain- to -vacuum process using a degassed liquid (please 
refer to U.S. Patent Application No . 10/206,099). In 
the initial state, vacuums are produced in the conduits 
20 a, e, f, i and j , the evaporating vessel 21, and the 
condenser 4 through which the degassed solution , vapors , 
or condensate flow. A lower vessel 3 and parts thereof 
are connected to the conduits j and f via the conduits 
k and 1 and their respective control valves 27, 28 and 
25 29, 30. With a suitable height difference between the 
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between the lower vessel 3 and the constant temperature 
distillation unit for vacuum distillation 2, the 
drain-to-vacuum process is implemented to produce 
vacuums in the above-mentioned members . When the 
5 control valves 24 , 26 are closed, the evaporating vessel 
21, the condenser 4, and the conduits a, e, f, i, j, 
k, and 1 are filled with the degassed liquid. Then, 
the control valves 23, 25 are closed, the internal 
pressure of the lower vessel 3 is adjusted, and the 

10 drain-to-vacuum process is started. Finally, the flow 
regulating valve 22 and the control valves 27, 30 are 
closed, and the vacuumized evaporating vessel 21 is 
filled with the degassed solution to a predetermined 
level and set to the temperature for vacuum distillation 

15 It is to be noted the temperature for vacuum distillation 
set for the evaporating vessel 21 is lower than the 
temperatures of the degassed solution and the hot 
circulating solution flown into the evaporating vessel 
21 and the liquid-gas interface 211, respectively. In 

20 the event the degassed liquid and the degassed solution 
are the same type of liquid, the evaporating vessel 
21 may be partially vacuumized during the 
drain-to-vacuum process . 

25 When the constant temperature distilling process is 
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implemented with a suitable liquid-gas interface 211, 
the amount of producible vapors depends on the flows 
of the degassed solution and the hot circulating 
solution, and a difference between a flow-in and a 
5 flow-out temperature of each of the two types of 
solutions . As can be seen from Fig . 1 , when the degassed 
solution and the hot circulating solution continuously 
flow into and out of the evaporating vessel 21 and the 
liquid-gas interface 211, respectively, the 

10 evaporating vessel 21 would continuously produce vapors . 
When a saturated vapor pressure at the temperature set 
for vacuum distillation is reached in the evaporating 
vessel 21, the flow regulating valve 22 is opened for 
the vapors produced by the evaporating vessel 21 to 

15 flow into the condenser 4. When the condenser 4 
continuously condenses the vapors flown thereinto to 
liquid, it is necessary to maintain the evaporating 
vessel 21 at a stable saturated vapor pressure through 
the flow regulating valve 22 , and the latter is adjusted 

2 0 depending on the flow-out temperature of the degassed 
solution or the hot circulating solution. When the 
flow-out temperature of the degassed solution or the 
hot circulating solution is lower than the temperature 
for vacuum distillation, the flow regulating valve 22 

25 is adjusted to decrease the flow rate of vapors 
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discharged from the evaporating vessel 21; and when 
the flow-out temperature of the degassed solution or 
the hot circulating solution is higher than the 
temperature for vacuum distillation, the flow 
5 regulating valve 22 is adjusted to increase the flow 
rate of vapors discharged from the evaporating vessel 
21. 

When the liquid-gas interface 211 and the conduits b, 
10 c via which the hot circulating solution providing 
evaporation heat flows into and out of the liquid-gas 
interface 211 are omitted, the constant temperature 
distillation unit for vacuum distillation 2 is turned 
into a constant temperature distillation unit for vacuum 
15 cooling. In this case, the degassed solution uses its 
own temperature as a heat source. When the degassed 
solution evaporates, its temperature is lowered to 
provide a vacuum evaporation cooling effect. The 
constant temperature distillation unit for vacuum 
20 cooling may be set to an initial state the same as that 
of the constant temperature distillation unit for vacuum 
distillation . 

In the course of vacuum distillation or vacuum cooling, 
2 5 air remained in the degassed solution would continuously 
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accumulate in the conduits a, e, f, i and j, the 
evaporating vessel 21, and the condenser 4, through 
which the degassed solution / the vapors, or the 
condensate flow. In the event the accumulated air 
5 produces a pressure that is sufficient to affect the 
temperature for vacuum distilling the degassed solution , 
it is necessary to set the constant temperature 
distillation unit for vacuum distillation or vacuum 
cooling to the initial state again using the degassed 
10 solution, so that the unit resumes its original degree 
of vacuum. Thus, a highly degassed solution is useful 
in decreasing the times of implementing necessary 
procedures for setting the constant temperature 
distillation unit to the initial state. 

15 

Please refer to Fig. 2 that is a schematic view of a 
multi-stage vacuum distilling system for implementing 
a multi-stage vacuum distilling process according to 
the present invention. As shown, the multi-stage 
20 vacuum distilling system 1 of the present invention 
mainly includes fore- treatment equipment, a plurality 
of constant temperature distillation units for vacuum 
distillation 2, and pos t- treatment equipment. 

25 The fore- treatment equipment includes a degassed 
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solution heater 12 for heating a purified and degassed 
solution to a set temperature, and a hot circulating 
solution heater 13 for heating a hot circulating 
solution to a set temperature. 

5 

The constant temperature distillation units for vacuum 
distillation 2 are sequentially stacked one by one into 
a tower-like multi-stage structure. The first stage , 
or the highest stage, is stacked over the second stage; 

10 the second stage is stacked over the third stage; and 
the last stage is the lowest stage . The in-f low conduit 
b of each constant temperature distillation unit 2 is 
connected at a distal end to the out-flow conduit c 
of a preceding unit 2, that is, a unit 2 at a higher 

15 stage. All the constant temperature distillation 
units 2 in the same one multi-stage vacuum distilling 
system use a common lower vessel 3 and parts thereof 
to produce vacuums . 

20 The post- treatment equipment includes vacuum vessels 
8 and 9 for collecting condensate and concentrated 
solution, respectively, a first heat exchanger 51 for 
lowering the temperature of the hot circulating solution 
discharged at the last stage, a second heat exchanger 

25 52 for keeping the vacuum vessel 8 for collecting the 
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condensate at a set temperature, a common lower vessel 
3 and parts thereof for all the constant temperature 
distillation units for vacuum distillation 2 , and a 
circulation pump 53 for the hot circulating solution. 

5 

As can be seen from Fig. 2, the multi-stage vacuum 
distilling system 1 is set to an initial state by setting 
all the constant temperature distillation units for 
vacuum distillation 2 one by one from lower to upper 

10 stages to an initial state; setting a temperature 
gradient of the hot circulating solution according to 
a liquid- gas equilibrium curve of the degassed solution ; 
and then setting the temperature for vacuum distillation 
at each stage according to the temperature gradient 

1 5 of the hot circulating solution . Since the temperature 
for vacuum distillation decreases from upper to lower 
stages, the saturated vapor pressure at the vacuum 
distilling temperature at different stage decreases 
from upper to lower stages . 

20 

As shown, in the solution transfer in the multi-stage 
vacuum distillation of the present invention, the 
degassed solution heated to a set temperature is caused 
to continuously flow into the evaporating vessel 21 
25 at each stage from upper to lower stages at a constant 
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flow rate . When the degassed solution evaporates at 
each stage , a concentration thereof gradually increases 
from upper to lower stages, or crystalline precipitate 
is formed therein. The concentrated solution 

5 discharged at the last stage is collected in the vacuum 
vessel 9. The collected concentrated solution may be 
subjected to further solute concentration using vacuum 
freezing and drying process. In the event there is 
crystalline precipitate in the evaporating vessel 21, 

10 the crystalline is first filtered off before the 
degassed solution flows into the evaporating vessel 
21 at the next lower stage . The crystalline is collected 
in a vacuum vessel. Again, air dissolved and thereby 
remained in the degassed solution would continuously 

15 accumulate in the constant temperature distillation 
units for vacuum distillation 2 . When an amount of the 
accumulated air is sufficient to affect the vacuum 
distilling temperature of the degassed solution, the 
constant temperature distillation units for vacuum 

20 distillation 2, particularly those at the first and 
the second stage, should be set to the initial state 
again using the degassed solution, so that the constant 
temperature distillation units resume to the required 
degree of vacuum. Thus, a highly degassed solution is 

25 useful in minimizing the times of setting the constant 
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temperature distillation units 2 to the initial state. 

In recycling the hot circulating solution in the 
multi-stage vacuum distilling process of the present 
5 invention, the hot circulating solution heated to a 
set temperature is caused to continuously flow into 
and out of the liquid-gas interface 211 at each stage 
from upper to lower stages at a predetermined flow rate 
to provide the degassed solution with required 

10 evaporation heat, causing the temperature of the hot 
circulating solution to decrease from upper to lower 
stages. The heat exchanger 51 lowers the temperature 
of the hot circulating solution discharged at the last 
stage, and the circulation pump 53 works for the hot 

15 circulating solution to continuously flow into and out 
of the condenser 4 at each stage from lower to upper 
stages to absorb evaporation heat and thereby condenses 
vapors to condensate, causing the temperature of the 
hot circulating solution to increase from lower to upper 

20 stages. The hot circulating solution finally flows 
back to the heater 13. In order to recycle most part 
of heat energy for repeated use, the hot circulating 
solution is cycled in the following manner: (A) being 
heated to a set temperature; (B) being used to provide 

25 evaporation heat, so that the temperature thereof 
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decreases from upper to lower stages; (C) being cooled 
to a lower temperature; and (D) being used to recover 
evaporation heat, so that the temperature thereof 
increases from lower to upper stages . In the event the 
5 hot circulating solution discharged at the last stage 
has a temperature lower than the room temperature , the 
multi-stage vacuum distilling process may be associated 
with multi-stage vacuum cooling and free zing proces ses , 
so that the temperature of the hot circulating solution 

10 may be lowered with low- temperature concentrated 
solution and molten ice crystals produced in the 
multi-stage vacuum cooling and freezing processes . Or , 
in the event the hot circulating solution discharged 
at the last stage has a temperature higher than the 

15 room temperature, a liquid of room temperature is used 
to lower the temperature of the hot circulating 
solution . 

The temperature gradient of the ho t circulating solution 
20 providing the evaporation heat is set according to the 
liquid-gas equilibrium curve of the degassed solution, 
and the vacuum distilling temperature at each stage 
is set according to the temperature gradient of the 
hot circulating solution providing the evaporation heat . 
25 Since temperature ranges for different stages do not 
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overlap with one another, the temperature curve formed 
by the hot circulating solution flowing through each 
vacuum distilling stage is a trapezoidal curve showing 
the temperature gradient of the hot circulating 
5 solution. 

Please refer to Fig. 3 that is a schematic view of a 
multi-stage vacuum cooling system 6 and a multi-stage 
vacuum freezing system 7 combined together for 
10 implementing multi-stage vacuum cooling and freezing 
processes according to the present invention. 

The multi-stage vacuum cooling and freezing processes 
for solution separation produce condensate through 

15 freezing and melting. The processes also function as 
subsidiary processes to the multi-stage vacuum 
distillation, so that the range of usable temperature 
of the hot circulating solution is expanded and the 
stages of vacuum distillation can be increased to 

2 0 upgrade the yield of condensate and the thermal 
efficiency of the whole system. Low- temperature 
solution discharged at the last stage of the multi-stage 
vacuum cooling system may be guided to the first stage 
of the multi-stage vacuum freezing system to save the 

25 energy that is otherwise needed for pre-cooling. 
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Through performing the solution transfer, the constant 
temperature distilling process, and a drain-to-vacuum 
and freezing process, the degassed solution is caused 
to produce ice crystals . The concentration of the 
5 degassed solution increases during the vacuum freezing 
process from upper to lower stages while its temperature 
decreases from upper to lower stages. 

As shown in Fig. 3, the multi-stage vacuum cooling system 

10 6 includes a plurality of constant temperature 
distillation units for vacuum cooling 61 sequentially 
stacked one by one to form a tower-like multi-stage 
structure. The in-flow conduits of each constant 
temperature distillation unit for vacuum cooling 61 

15 is connected at a distal end to corresponding out-flow 
conduits of a preceding unit 61, that is, a unit 61 
at a higher stage. The degassed solution uses its own 
temperature to proceed with vacuum evaporation and 
vacuum cooling. A room temperature degassed solution 

20 is caused to continuously flow into and out of 
evaporating vessels 611 at different stages from top 
to bottom at a predetermined flow rate . By implementing 
the constant temperature distilling process, the 
temperature of the degassed solution decreases from 

25 upper to lower stages while its concentration does not 
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significantly change. The degassed solution 

discharged at the last stage of the multi-stage cooling 
system has a temperature close to the freezing 
temperature thereof . A common lower vessel 3 a and parts 
5 thereof are provided for the plurality of constant 
temperature distillation units for vacuum cooling 61. 

The multi-stage vacuum freezing system 7 includes a 
plurality of freezing vessels 71 sequentially stacked 

10 one by one to form a tower-like multi-stage structure. 
Each freezing vessel 71 has a liquid-solid interface 
711 provided therein for heat transfer. Through the 
heat transfer by the liquid-solid interface 711, a 
condenser 72 causes the degassed solution to release 

15 condensation heat. A conduit 5 connects the 

multi-stage vacuum freezing system 7 to the multi-stage 
vacuum distillation system, allowing vapors produced 
through multi-stage vacuum distillation and 
multi-stage vacuum cooling to separately flow into the 

20 freezing vessel 71 at each stage. When the freezing 
vessels 71 produce ice crystals therein, they have a 
temperature lower than that of the evaporating vessels 
611 in the multi-stage vacuum cooling system 6. This 
allows the vapors produced by the evaporating vessels 

25 611 to successfully flow into the freezing vessels 71 
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and melt the ice crystals therein. The multi-stage 
vacuum freezing system 7 and the multi-stage vacuum 
cooling system 6 use the same one lower vessel 3a and 
parts thereof to vacuumize conduits, freezing vessels 
5 71, and evaporation vessels through which the degassed 
solution, the vapors, or the condensate flow. Molten 
ice crystals and low- temperature concentrated solution 
produced in the drain-to-vacuum and freezing process 
are collected in vacuum vessels 10 and 11 , respectively , 
10 and may be used to lower the temperature of the hot 
circulating solution discharged at the last stage of 
the multi-stage vacuum distilling system, and to keep 
the temperature of the collected condensate . 

15 To set the multi-stage vacuum freezing system 7 to an 
initial state, the drain- to- vacuum process is 
implemented using a degassed liquid for all stages one 
by one from lower to upper stages to vacuumize conduits 
and freezing vessels 71 through which the degassed 

20 solution, the vapors, or the condensate flow . And, the 
degassed liquid is prevented from flow backward. 

On the other hand, to set the multi-stage vacuum cooling 
system 6 to an initial state, the constant temperature 
25 distillation units for vacuum cooling 61 at all stages 
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are set to an Initial state one by one from lower to 
upper stages. Thereafter, the temperature for 
distillation through vacuum cooling is set for each 
stage. Since the distillation temperature decreases 
5 from upper to lower stages , the saturated vapor pressure 
under vacuum cooling decreases from upper to lower 
stages , too . 

In the drain-to-vacuum and freezing process, heat 

10 releasing via the condenser 72 and f ailing- film freezing 
through drain-to-vacuum process are utilized for the 
degassed solution to form evenly composed ice crystals 
on the liquid-solid interfaces 711. As can be seen in 
Fig. 3, the vacuumized freezing vessel 71 at the first 

15 stage is completely filled with the low- temperature 
degassed solution discharged from the last stage of 
the multi-stage vacuum cooling system 6. Each of the 
freezing vessels 71 is internally provided with a 
liquid-solid interface 711 for forming ice crystals. 

20 With heat transfer at the condenser 72 and the 
liquid-solid interfaces 711, condensation heat and 
evaporation heat in the freezing vessels 71 are released . 
Meanwhile, the drain- to-vacuum process is implemented 
to discharge the degassed solution for the same to 

25 sequentially flow into the second stage , the third stage , 
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etc . The degassed solution discharged at the last stage 
flows into the vacuum vessel 11 and is collected therein . 
A liquid level of the degassed solution in each freezing 
vessel 71 gradually lowers with the discharge of the 
5 degassed solution therefrom, resulting in the gradual 
increase of a vacuum volume in the freezing vessel 71 . 
Meanwhile, the releasing of heat via the condenser 72 
and the falling-film freezing process causes the 
liquid-phase degassed solution to form evenly composed 

10 ice crystals on the liquid-solid interfaces 711 while 
the vacuum volume in the freezing vessels 71 gradually 
increases . As a result of continuous release of heat 
via the condenser 72, a pressure in the vacuum volume 
becomes lower than a saturated vapor pressure, and the 

15 degassed solution begins to evaporate at its liquid 
surface. In the course of surface evaporation of the 
degassed solution, heat is absorbed to cause cooling 
of the remaining mother liquid of the degassed solution . 
That is, the temperature of the degassed solution 

20 decreases due to an effect of evaporation cooling. 
Vapors produced in the vacuumized freezing vessels 71 
are adsorbed at the surfaces of the liquid-solid 
interfaces 711 . The condenser 72 moves heat from the 
vapors, causing them to turn into solid-phase ice 

25 crystals. This in turn causes the degassed solution 
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to evaporate continuously to maintain an equilibrium 
vapor pressure and to produce more ice crystals. The 
remained mother liquid gradually concentrates and is 
slowly discharged, and the vacuum volume in the 
5 vacuumized freezing vessels 71 gradually increases. 
The increased vacuum volume in turn causes production 
of more vapors to accelerate the production of ice 
crystals. The condensation of the discharged mother 
liquid becomes higher and higher. At last, there are 
10 only ice crystals in the freezing vessels 71. 

As shown in Fig. 3, the solution is transferred from 
upper to lower stages to flow through every freezing 
vessel 71 . Only when the freezing vessel 71 at a higher 

15 stage has completely discharged all the non-frozen 
degassed solution to the freezing vessel 71 at the next 
lower stage, the drain- to- vacuum and freezing process 
is implemented at the next lower stage. Meanwhile, 
vapors produced by the multi-stage vacuum distilling 

20 system and the multi-stage vacuum cooling system are 
guided into the freezing vessels 71 at this point to 
melt the ice crystals. Finally, the produced 

condensate is collected in the vacuum vessel 10. 
Therefore , in the multi-stage vacuum freezing process , 

25 the forming and the melting of ice crystals do not occur 
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In succession. In the event there is crystalline 
precipitate in the freezing vessel 71, the crystalline 
is first filtered off before the degassed solution flows 
into the freezing vessel 71 at the next lower stage. 
The crystalline is collected in a vacuum vessel . Again , 
air dissolved and thereby remained in the degassed 
solution would continuously accumulate in the constant 
temperature distillation units for vacuum cooling. 
When an amount of the accumulated air is sufficient 
to affect the vacuum distilling temperature of the 
degassed solution, the constant temperature 
distillation units for vacuum cooling 61 , particularly 
those at the first and the second stage, should be set 
to the initial state again using the degassed solution, 
so that the constant temperature distillation units 
61 resume to the required degree of vacuum. Thus, a 
highly degassed solution is useful in decreasing the 
times of setting the constant temperature distillation 
units for vacuum cooling 61 to the initial state. 

In comparison with other conventional processes and 
apparatuses for s imilar purpose , the multi-stage vacuum 
distilling, cooling, and freezing processes and systems 
for solution separation and seawater desalination 
according to the present invention have the following 
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advantages : 

1 . In the processes and systems of the present invention , 
it is possible to use low- temperature waste heat or 
5 solar energy as heat source for the heaters included 

in the systems . 

2. In the present invention, the drain-to-vacuum 
process using a degassed liquid is implemented for 
10 the evaporating vessels to produce vacuums and has 

an ignorable internal air pressure. This enables 
an increased number of stages for the multi-stage 
vacuum distilling process and system. 

15 3. Based on the principle of using the drain- to- vacuum 
process to produce vacuums, the evaporating vessels 
are sequentially stacked one by one to form the 
tower-like structure of the multi-stage vacuum 
distilling and cooling systems to minimize the land 

20 area needed to construct the systems. 

4. With the evaporating vessels stacked into the 
tower-like structure, the degas sed solution , the hot 
circulating solution, and the condensate of the 
25 distilled water are always in a flowing state, and 
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the working temperature of the evaporating vessels 
decreases from upper to lower stages to reduce the 
use of pumps and thereby reduce the forming of 
incrustation scales and rust in the evaporating 
5 vessels . 

5. The hot circulating solution not only provides the 
evaporation heat needed by the degassed solution, 
but also recovers the evaporation heat, so that most 

10 part of heat energy can be repeatedly used. 

6. The multi-stage vacuum cooling system provides the 
vacuum freezing system with the required 
low- temperature degassed solution to save the cost 

15 for pre-cooling in the vacuum freezing process. 

7 . The low- temperature concentrated solution and the 
molten ice crystals dischargedby the drain- to- vacuum 
and freezing apparatus may be used to lower the 
20 temperature of the hot circulating solution 

discharged at the last stage of the multi-stage vacuum 
distillation, enabling the multi-stage vacuum 
distilling system to include more stages . 

25 The present invention has been described with a 
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preferred embodiment thereof and it is understood that 
many changes and modifications in the described 
embodiment can be carried out without departing from 
the scope and the spirit of the invention as defined 
5 by the appended claims . 
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